Ultrasonography has become a valuable and reliable technique for prenatal diagnosis of many fetal abnormalities. 1 Techniques have been described for performing prenatal two dimensional,3-6 as well as M mode,5-8 and Doppler9 10 echocardiography.
These investigations have shown that prenatal echocardiography can identify normal cardiac anatomy at gestational ages ranging from about 17 weeks to full term. Many structural heart defects have been diagnosed in older fetuses'1-15 with echocardiography, but there are few reports of the prospective diagnosis of heart defects in fetuses of less than 24 weeks' gestation.6 13 [16] [17] [18] The accuracy of prenatal echocardiography has not been prospectively evaluated for the diagnosis of complex cardiac defects segment by segment, yet management of pregnancies at high risk of congenital heart defects requires diagnostic methods that are reliable at a stage of gestation when the option of terminating the pregnancy is still available.
We investigated the use of prenatal echocardiography for diagnosing structural heart defects in fetuses of less than 24 weeks' gestation in a population considered at high risk of congenital heart disease.
Subjects and methods
Between December 1982 The result of each prenatal echocardiogram was discussed with the parents, the referring obstetrician, and (if concerned) the paediatric cardiologist. The presumed limitations of the test, specifically for the diagnosis of atrial septal defect, ventricular septal defect, patent ductus arteriosus, coarctation of the aorta, and minor abnormalities of the valves were discussed with the parents before the examination and again afterward in those cases in which no abnormality was detected.
If a cardiac defect was diagnosed, the nature of the defect including anatomy, physiology, prognosis, and possible postnatal treatment was explained to the parents and physicians. The parents and primary physicians were encouraged to contact us again after the examination if questions arose. The decision to continue or terminate the pregnancy was made by the parents in consultation with the primary physician. If the pregnancy was continued the parents were referred to a paediatric cardiologist who made appropriate plans for perinatal management.
The outcome of live births was found out by telephone interview with a parent or primary physician, or both, one month to one year postnatally. The infant was considered normal if there were no findings suggestive of a congenital heart defect at routine paediatric physical examination (n= 109). All infants with clinically suspected cardiac defects were examined by a paediatric cardiologist. The results of clinical examination, two dimensional echocardiography, cardiac catheterisation, and angiography or surgical inspection, or both, were obtained in these eight cases. Necropsy reports were obtained in all 10 cases in which the examination was performed.
Results
In 109 cases there was no evidence of congenital heart disease at follow up. In 105 of these the prenatal echocardiogram was normal, and in the other four cases the examination was technically inadequate.
Fourteen of 123 (11%) were confirmed to have heart defects either at clinical follow up or at necropsy. A cardiac defect had been diagnosed prenatally in 10 of the 14 cases. Six of these 10 were therapeutically aborted and one fetus died in utero at 33 weeks' gestation with severe hydrops fetalis.
Of the remaining three infants who were born alive, two died in the neonatal period-one of the heart defect and the other of neonatal hepatitis. The third died at the age of 2/2 months after a viral infection. Necropsy confirmed the serious heart defects diagnosed by prenatal echocardiography in all 10 cases. Serious defects that were diagnosed were: Ebstein's anomaly (n=1), tricuspid regurgitation (n=1), pulmonary stenosis with hypoplastic right ventricle (n=1), tetralogy of Fallot with pulmonary atresia and complete common atrioventricular canal (n=1), hypoplastic left heart syndrome (n=2), and complex heart disease with heterotaxy (n=3) (table  1) .
Defects were not diagnosed prenatally in four of the 14 fetuses that were subsequently found to have congenital heart defects (table 2). The lesions in those four cases were: patent ductus arteriosus (n=1), moderate sized apical muscular ventricular septal defect (n =1), midmuscular ventricular septal defect (n = 1), short segment coarctation of the aorta (n=1), and atrial septal defect secundum (n=1). In the infant with persistent patent ductus arteriosus spontaneous closure occurred when a few weeks old. The infant with coarctation and ventricular septal defect had the coarctation repaired when 3 weeks old, and the ventricular septal defect subsequently closed spontaneously. The other infant with a ventricular septal defect (age 12 months) does not at the time of writing seem to require operation. The atrial septal defect secundum was an incidental finding at necropsy following therapeutic abortion for other abnormalities.
The parents of four fetuses with prenatally diagnosed heart defects chose to continue the pregnancies after counselling. Two of these fetuses (cases 4 and 7) were born alive but died in the neonatal period despite management of the heart defects. A third fetus (case 6) died in utero at 33 weeks' gestation of fetal hydrops. The remaining fetus (case 10) was born at full term and underwent palliative ligation of patent ductus arteriosus and pulmonary artery banding. The infant subsequently developed pneumonia and died when 21/2 months old.
Discussion
In our study, adequate two dimensional echocardiograms were obtained in 97% of fetuses before 24 weeks' gestation. We correctly excluded structural heart defects in all fetuses that were subsequently found to be normal and in which technically adequate echocardiograms could be obtained; no normal fetus was diagnosed as having a structural heart defect by prenatal echocardiography. Our results also show that many forms of congenital heart disease, including complex defects, can be diagnosed in fetuses before 24 weeks' gestation using two dimensional echocardiography. Thus the information necessary to make rational decisions about continuing or terminating pregnancies at high risk of congenital heart defects can be obtained in nearly all patients. In five of our cases the knowledge that the fetuses had severe heart defects was influential in the decision to terminate the pregnancy. In the three cases in which severe cardiac defects were diagnosed prenatally and the pregnancies were carried to full term, the family and responsible physician were prepared for the birth of an infant with congenital heart disease.
The atrium with mitral atresia could not be seen adequately, and the dilated right atrium and tricuspid valve were misinterpreted as a common atrium and common atrioventricular valve. Functionally, the most important error was in mistaking the enlarged pulmonary artery and ductus arteriosus for a large aorta. We believe that this was partly a result of our heightened suspicion of asplenia (which is commonly associated with malposition of the great arteries and pulmonary stenosis), and partly because of the inability to resolve as separate structures the hypoplastic aorta and the ductus arteriosus (fig 3) . In retrospect a branch pulmonary artery could be seen arising from the anterior vessel, identifying it as the pulmonary trunk. Though in this case the errors in diagnosis did not influence the management appreciably, some of the errors might be important if the heart disease were an isolated abnormality.
In case 10, our failure to identify the inferior vena cava led us to suspect that there was an interrupted inferior vena cava with azygous continuation, but this was not so. As in case 9, a hypoplastic left atrium was not recognised, and a dilated right atrium was misinterpreted as a common atrium. Visualisation of the atrioventricular valve and ventricular morphology was not good enough to identify the ventricular loop, and a posterior muscular ventricular septal defect was mistaken for an atrioventricular canal defect. In two additional fetuses (cases 1 and 2), tricuspid regurgitation seemed to restrict the excursion of the pulmonary valve resulting in an overestimation of the degree of obstruction. later in gestation. None the less, most of the defects that might be difficult or impossible to diagnose using prenatal echocardiography can be treated surgically with low risk. It seems unlikely that parents would choose to terminate a pregnancy because of detection of one of these lesions.
Though the postnatal clinical evaluation used to establish normality in our patients is not proof of the absence of a heart defect, it is the most common way of detecting such defects. Abnormalities that may be missed by routine clinical examination in young infants include atrial septal defects, mild coarctation of the aorta, and minor valvular defects, all of which would be unlikely to be diagnosed by fetal echocardiography. Thus the clinical examination seems adequate to diagnose those lesions that one hopes to detect by prenatal echocardiography.
The high yield of cardiac defects in our series is the result of the highly selected nature of our patient population. The disproportionate number of fetuses with unusual and severe anomalies was largely because of referral after routine obstetric ultrasound examination had suggested the presence of a heart defect. Similar skewing of the distribution towards more severe lesions was noted in the series reported by Allen et al. 32 Though prenatal echocardiography is a promising and useful technique, its limitations should be recognised. Reliable diagnosis of structural heart defects, especially complex lesions, in utero requires extensive knowledge of normal and pathological cardiac anatomy. Despite meticulous use of a segmental approach to prenatal echocardiographic diagnosis of structural heart defects we have been unable to achieve the diagnostic accuracy attainable postnatally. We hope that as techniques improve prenatal diagnosis will become as accurate as postnatal diagnosis. 
